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INTRADCOATON / Ljfé 3 ¢

In the previous repor: it wes Btsted thst we have successfully e - =
computer programs t¢ includs 38 and 3p functisns in eddition to 18, Zx w4
to calculate the vave functions and tetal energiss of the diffarant si- .- ~t
diatcmic molecvies, In eddition, 1& wus 3155 wenticned Lhat we heve cisc. c.n
verying the scresning constants of the basic functiong to cbtain the Har o I
This bezt [CAQ MO's work vas ccnfined to the equiliteium distancs oniy. %
tension of this program to a iarge number of internuclear distances gr: “c z
°f icnized and excites states, in additien t: the ground state, inwolv:. revy
We Lave successfully computsd the poteatial ensrgy curves of different siat-3 -
ari CO molecules. Some preliminavy work has also been done on Q,, N¥F, i _pd -
molecules. Some of these resu'ts a>e given in this report. The above vork yi
&ims at obtaining limited Hartree-Fock MO's for diffarent ‘states of &1+ cmir
molecules involves immense computation due to the optumizetion of non-linrer

£

meters (screening constunts). The above work has involved over 80) hovrg oF §
7634 computer at the Institute for Space Studies. We ove the succass o7 the -
work tc +*he excellent camputing facilities and co-operation of the persoare? -

Institute for Space Studles, 475 Riverside Irive, New York, Few York. p m) .
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¥1oouh duriing rhe &Tove ot Do A e ogivan wddsr ool £l lowlipg widings:

U M™iodarion f the potentlet Aagy FLEL L Survss =od Moetulsr Congisnts
W e Al . iy © - N .
of - imizsd Stater X Eg’ PO . R, Muleoaae sing Best
e

7AY MY 5 owith 18, S8 and Su Furciulons.

“20 MalawGatrion of e Fobtentisl Enargy Curvies ard Molsculas Constantis of the
L W e e U 2 5
ervead VAT T OV am! ths Baciis JA T R T, T TR, Sistes of N
f*4 L g iR 2
tmircsie wing Beat LTAD M4 » vith le, 28 and Zp Yudvions.

21 Tevelopment of the Cuaputer Frogram to Zslculsats Bewt LUAD M)'s of Howopolur
Mol=cules UBing 3% ssd 3p Functians in Ad2:tion to 13, 26 and Zn Punctions.

3 Cailculation of the P. E, Cury-s ~od Mol~cular Conataris of the Fiffar nt
Jtatee of BotecopslBT Molsculse aiag bBrar [CAD MU-a Involving 18, 24 and
2p Fu :iions,

1. Qaleuwlatisn of ths P.R. Curvas amd Moleculsr Cipstants of the Ionized States
5F ﬂ2 MWlecules 3ing F2at ICAD MD'e with 18, 28 and ©,p functi ns

e —e o ——————

by K. =. Sshni, C. L. Ia Budde and B. . Ssshney

TAuto vairy  pregrems described iz the provians report heve bzen usad tC
calowials the wave functisns Rnd tctal enargins of the above status of R.ala
nurber of interpuc’sar distances {B = 1.5 ‘JOPSHU 3.v/-  The progeams ;onstructed
by I'. C. Jain, described in the previoug raport, have be-n us-d to calcouluate the
potantinl ensavrgy curvss &nd mylacular constanis 57 the above statea.  Two Jdifferent
sets of calculations were made. In one szt ~f calculations, ‘calizd Ipdividually
optimized) the MY a apd total energy of sach of the isnized stats was individuslly
uptimized st & number of internuclear disrancss to culculate th: P.E, curves snd
mrlecular cunstants., 1Ir the second set Hf endlecwlations tne sorseniag conet nts of
tha lowzet ioniz:d vtare (X 2 XE/ vere used Lo csldalste Utw Mo's and totsl snergies
¥ tha Aifferent stetes of N,‘,. ‘Theee anrgi~8 w<re then used to celculste the P.R.
survas &nd molecular constants of the fonized stetes of 0, mclecule. The results of
the#gs calculations are reported ‘n Tables I tou X. )

12} Cale-cation of the F.E. Curves and Moleculur Constance of ohe Cround and the
Bre1Eer Ttet, f?ﬁz"ﬂémﬁ?ﬁéﬁéﬁf'ﬁm MiTs T wits 18, 28 F.nd @p Tunctions
by R, C. Sahni and ¥, C. Jain o TTrTTmmTT T

“Auto vary' progrape degscribed in th: pravisus raport have heen used to
calculate the ground uwd excitsd state of H2 msleculn,  Tuo sets of caicwlaticns

sreening

callad "individually optimized and 'using cpiimiz-d grouad stale (X L ztg\ B
constants' were carriad out. PFrom the total energies, T, B, cuwves and mlecular

<.
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Molecular Constants for the Potential Energy Curves of Ng ¥olecule

Obtained from First Principles

Toe "rogram PEI VIR WKB NP5 S3L VX bhas been used for driving the molecular
:onstents Tor wne potantinl energy curves of v arious Lounized slates of Iie molecule.

‘the renult obtained follows:

.i,‘; D AR
T INDIVIDUALLY OFPIMIZED
Perived Cade et &l Exge_rimntal
Re 2,11197 a,u. 2,005 8,1, 2.10917

.*:xE -108-1.2712133 ..

TABIE I
v l G{v) l Bv
O 1211.03 1.9210
1 3601.94 1.9081
2 5970.99 1.8948
3 8313.55 1.8613
i 10532.84 1.8682
5 12937.47 1.8550
) 15218.17 1.8404
7 1T47h. 46 1.8277
3 19710.77 1.8149
e 21926,62 1.8017
10 ! 24121.75 1.78%
11 26295.02 1.TT45




BBR_II

Derived Values of I, ®x g) Individwally Optimized

’ h)
# gﬁvg:r:l:zdm* we wexe "-ae ae
3 2420 16 15,8300 1.5276 0.013% -
N 2427.40 15.3167 1.5278 0.0133
5 2426.08 14,4400 1.9278 0 0132
6 oh2k, 61 13.6390 1.9278 0.0132
7 2423, 38 13.0712 1.9281 0.013%
8 242243 12.6895 1.9281 0.013k
; 9 242).61 12,3997 1.9280 0.0133
: 10 2420.87 | 12,1675 | 1.9279 | 0.0133
11 2420.20 11.9767 1.9279 0.0133
§ 12 o419.6) | 11.8209 | 1.927v C.0153
g Exp. Values 2207.19 16,1366 1.8322 0.0202
g Cade et al 2570.5 9.809 2.065 0.0148
§ TBLE III
P B TIDIVIDUAILY CPTIMIZED

Py

e alfe:iveg.'ue Cadt’: et al Emggez.':lmental
?.E -103.13844013 a.u.
v G{v) —ﬁ: 1
0 1072.35 1.7224
1 3170.52 1.7089
2 5268, 21 1.6998
3 7354.17 1.6885
y 9420, 39 1.6773
5 11k72,.27 1.6662
6 13508.39 1.6555
1 15529.1k 1.64kk4
8 1733.17 1.6341
i 9 19521.59 1.6225
{ 10 21494.61 1.6116
1L 23452,12 1.6009




Ml Ly

IRDIVIATLY  CPTTMIZED

~y

Darived Velues for A (é It “) State of lﬁg Moleculs
% of -Vibre.tional.l . s Tt
levels Used me uexe “I’ @ 0!9
3 2149,95 ! 18.7023 1.7275 0.0113
% il )| 13.6827 3.0 0.0111
5 2140 821 11.5082 1.727C 2.0110
6 2138.64 | 10.3157 1.7270 0.0111
7 ( 2137.10 93,6071 1.726% 0,011
8 2135.9%6 9,1486 1.7269 00,0115
9 2135.10 1 8.846k 1. 7208 2.0110
10 2134, b 8.5367 1.7268 2.0120
| 11 £2133.90 § 8.48ke 1.7268 0,010
12 2133.46 8.3656 1.7268 2,010
Exp. Values 1902,84% 1 14,9100 1.7400 0.01L0
Cade et.al. 2212.5 6.082 1.087 0.0175
P TABIE ¥
B ( zu) State TROIVIIRALLY OPTIMIZED

Re
T.B.

Values of G{v) and B for the B {2.-':: } Btate of 1\5

Derived Cade et.al,  Bxperimental
1.993k1 1.935 2.03139
107.95731572
r v (V) E
I o 1465, 65 2.1616
1 4375.86 2,152
2 7958.96 2.1408
3 101£29.01 2,1304
b 12981.55 2.1196
5 15815.36 2.10s2
6 1663L,62 2.0881
1 21410,01 2.080%
'8 24223 ,52 2.0753
9 26984.81 2, 06kl
10 29733.96 2,0543
11 32:57.21 2,0436
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1754739
19526.63
21489.95
23439.06
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1.6098
1.5948
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Melewder Gonstens o the b 72 O Bate of B,
—— - el
CERLEISEIS o mmy T
yi of Sibrations); T Y TTTTTTTTIOUTT T oy
o an o 2% ' . !
levels Usad i © \E‘. . i ';_ G, !
; 3 b o2938.18 § 13,836 ¢ 2067 1 ook !
] ) ¥ -
b P2936.65 | 12,5583 16751 0.0106 f
: ~ § 285 : i
5 2955.26 11.623 bo21873 | 0.000¢ i
i Iy ~ e Tpea i ¢
6 293k, 15 1L.0u57 2,1875 1 0.0.06 :
7 2933, 3% 10.5565 21670 ¢ 0,0006 5
1 e i
x} S o ! !
5 ; 2932.16 | 10.154% 21675 | 0037 |
i .
9 Po2931.39 § 5.5932 2.3878 ¢ 00936 |
| I " :
10 930.95 $.723% b 201680 {u ol §
- e § . :
11 { 2930.3 8.5850 Poo2.167e | 0,008
N . . X ? . i ¢
12 I 2ozz.en 9. 4658 ;OR.EATE 100008 {
: T Y ] ! : |
Exp. Volues a2 Eh 3 2319 e ons !
; ) o : }
Cade wt.al | 3100 15.38 b ocees o 0.0u3D
e . PR S S ,-...J
WABLE VT
+ 2 I TR ! T A o 1 ’:-‘"-)
Ne W R u) ISING TIMITHED int SUIBENTUY CONBIITES
Der_i Vel g{l(. 3 2 Ao ar
Re ET%3103 8.1, EP “K’ :
S -E 4 - ;, 5"’“59)»' ‘
AN i T T T T T e S e e
v ! G ! A
, i -
N
0 RAN ¥ 4 : 1.77568
AN N 1.7
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TARLE VINT

'

e

T i Fvax -~

Derived Valueg of }éz A e u" ¥ging Outimived N; (2 E.)g) Seraening Coneianis
s of g f
P W W R A
3 2059.03 -10.5557 | 1.7283 | 9.010L
i 2106.35 -h, 2768 1.77%60 | 0.0111
5 211:. 34 -0.2826 1.7257 | 6.0109
& 2217.26 B.55HS | 1.7257 1 0.0109
7 2121.51 k, 3691 1.7258 0.0110
8 212% .69 5.6400 1.7255 0.0110
) 2127.02 6.4632 | 1.7260 | 0.011¢
10 2128,78 7.0187 1.7262 00431
13 2130.12 7.401% | 1.7262 | G.01.1
12 2131.11 7.6612 | 1.7261 | C.0131
Exp.Velues 1902.84 sd.sa00 T, .80
Cade et.al 2312.5 6.62% § LLART C.01%5
: e e e e oo
Table X

H; (B ° ¥ u) Using Tounized Growmd Siste Ontimized Scroening Consuart-

_Derived Cade -  _ Exper imental
Re 1.9903 a.u. 1,657 2.031k
-107.95539761
{ v a{v) ' - ?
{
}
0 1452,k 2,180%
1 L340.28 2.1519
2 721.7.96 2.1ho2
3 10085. 14 2.3298
4 Laokh 33 2.1175
pJ 15780.05 2,1062
6 18597.27 2,0965
T 21395.73 2.0855
8 24173.65 2.0725
9 26933.30 2.0€19
10 23667.32 2,0527
11 3¢434.37 2.0432
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a
5]
o,
V2]

i ¥ of Vibraticozl o
Levels ©

—— v o e -

3 =3 31

=

2300 5%
2905.18
2$05.28
2905.51
25, 55
290,50
23R7.17
29G7.62

2007,83
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Bxp. Yelues 219, 8%
Cede et.al 3101.5
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0. 048]
9.010%
3.010C
L0110
0.0110
9.0010
0.0ily
0. 3113
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3,0110

12,0185
0.05280
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tmstants wee calevletsd in the came meneer a3 d=scr’ted atove for tue icoized
staltea.
(3) Develotient ¢f the Comvuier Progrem to Calcuwinte Feot L2020 ¥D's of Homcpolar

HoTecules Us'ng 3¢ and 3p Ymoticat In Eﬁfz‘guTQ .‘La, Zs o zp Fu.ctioss
o, J. s Bﬂde, ‘Birhal Fingh,  G. P. Anabs 2od 4. K. Veria

It was stated in the previous raport taet er "Auto vary' progyran hac heen

built which variez the scere~nirz comstents of i, Pa and 2p taglc 2uncllor &0 Jviain
the test ICLO M)'5., In the previouf report it was ales steted thav the inclaxisn of
38 and 3p functlons Involved mRny more integrais; and teo scluitlon of the sigervelus
probles was more complicslad. Since Dor evavy variaiion of the screenirg constants,
tbe whole calculstion bas o be repented, tle machize time becomes very imperiant.
After overcominrg w2ny hurdles, an “Auto vury' wrogram as been built wp £2r lomo-
polar molacnles. This prograz I8 now being uveed to celmlate the diflereci states
of N molecute with a vies to calculate tkreir P. E. curves ard molecwler censtantis.
(#) Galculatlcn of the P.E. Curves and Molecular Ccrsbants of the Differeat States
mm s [ovol-ing =8, ©S &ud £p Functions

by '§ C. EES:B €. D. 1a BaxTde and 2. £. Savhuey

The wvave functions and tsotal eaergles of a number of states of CC have

heen caieniated at a mumber of internuclear distances., Due to limitaticn of machire
time some of these calculations are not yet compiete. In addsition to CO, work has
besn done on CN, NF and KO molecules, W2 hope to ra=port thes> resulls in the naxt
report.

PUBLICATIONS ASD GRCUP ACTIVITIES

Publications

(1) Blectronic States of Molecules.I.Self-Consistent Field Calculations of the
Gmmd, Icnizad, and Excited States of K2 and On, by R. C. Eahni «nd

. J. Ce Lorenzo, J. Chem. Puys, 42, 3612, {1965)

o~
o
P

Quantum Theory of the Defect Solid State, by R. C. Sahni
Thia paper bas been accepted for publication in ASTM Symposiux Jowrnal

Group Activities

{1} Dvr. R. C. Saini presentsd the following paper at %Zhe Mnlecular Spectroscepy
Symposiwa, The Chio State University, Columbus, Ohio, "Tr~urebicei Calculation
of the ¥lectronic States, Total Energles, ionization Potential avd Excitation
Energies of 0,, Ny, CO, NO, CN and the Bydrides of the First Croup, " June 1565

(2) or. B. O. Selmi prementad the foliowing puper at ASTM mesting, Seattle,
Washington, "Jvantuwn Theory of the Defect 80l1id State,® Novexbher 1555

(3) Dr. J. C. Browne of the Univarsity of Sexas gave & nuumbte. of lectur:zs on
Multicenter Integrale and Spaciel Functions dwing the suumes

(%) Dr. G. R. Verma of the University of Ruode Island worked with our group Quring
tle summer on various mathemntical projects.




